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(54) METHOD AND APPARATUS FOR FORGING GEAR

(57) The present disclosure provides a method for
forging a gear capable of preventing burrs from being
formed at an edge of the surface opposite to a direction
in which a material in external teeth of the material is
pushed. A first exemplary aspect is a method for moving
the second punch (20,21,31) along a tooth profile groove
(13a) of the guide die (13) to stack the material (M) and
the second punch (20) in this order; and pushing the ma-
terial (M) and the second punch (20,21,31) into a tooth
profile groove (12a) of the tooth profile die (12) in a
stacked state to pass them therethrough, in which a tooth
pressing part (20a) of the second punch (20,21,31) cov-
ers at least an edge of a region where external teeth are
formed on a surface of the material (M) on the first punch
(14) side.
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Description

BACKGROUND

[0001] The present disclosure relates to a method and
an apparatus for forging a gear, and for example, to a
method and an apparatus for forging a gear in which a
material is pushed into a through hole of a tooth profile
die from one side of the tooth profile die by a first punch
and then a gear having external teeth formed thereon is
discharged from the other side of the tooth profile die.
[0002] In common forging of gear, a material is pushed
into a through hole of a tooth profile die by a punch, there-
by forming external teeth on the material. For example,
in the method for manufacturing a helical gear disclosed
in Japanese Unexamined Patent Application Publication
No. 2016-97430, a helical tooth forming die and a pre-
forming die are stacked, and first the material is pushed
inside of the preforming die to form a preliminary tooth
profile on the material, then the material is pushed into
the helical tooth forming die to form a helical tooth profile
on the material. In this way, the method for manufacturing
a helical gear disclosed in Japanese Unexamined Patent
Application Publication No. 2016-97430 prevents an un-
filled part from being generated at the tip of a gear.

SUMMARY

[0003] The applicant has however found the following
problems. In common forging of gear, like in the method
for manufacturing a helical gear disclosed in Japanese
Unexamined Patent Application Publication No.
2016-97430, a material is pushed into a tooth forming
die to form external teeth thereon. This causes a problem
that burrs are formed at the edge of the surface opposite
to the direction in which the material in the external teeth
thereof is pushed.
[0004] The present disclosure has been made in view
of the above-described problem and provides a method
and an apparatus for forging a gear capable of preventing
burrs from being formed at an edge of the surface oppo-
site to a direction in which a material in external teeth
thereof is pushed.
[0005] A first exemplary aspect is a method for forging
a gear including pushing a material into a through hole
of a tooth profile die from one side of the tooth profile die
by a first punch and then discharging a gear having ex-
ternal teeth formed thereon from the other side of the
tooth profile die by the first punch, the method including:

disposing, on one side of the tooth profile die, a guide
die that includes a through hole having an inside di-
ameter size smaller than an outside diameter size
of one end of the through hole of the tooth profile die
so that a tooth profile groove formed on an inner
peripheral surface of the guide die and a tooth profile
groove formed on an inner peripheral surface of the
tooth profile die are continuously connected with

each other;
pushing the material into the through hole of the
guide die;
pushing a second punch into the through hole of the
guide die subsequently to the material, inserting a
tooth pressing part formed on an outer peripheral
part of the second punch into the tooth profile groove
of the guide die to move the second punch along the
tooth profile groove of the guide die, and stacking
the material and the second punch in this order; and
pushing the material and the second punch into the
tooth profile groove of the tooth profile die in a
stacked state to pass them therethrough, in which
the tooth pressing part of the second punch covers,
when the material passes through the tooth profile
groove of the tooth profile die, at least an edge of a
region where external teeth are formed on a surface
of the material on the first punch side.

[0006] This configuration makes it possible to press
down, when external teeth are formed on the material,
at least the edge (i.e., the edge of the surface opposite
to the direction in which the material in the external teeth
thereof is pushed) of the region where the external teeth
are formed on a surface of the first punch side of the
material by the tooth pressing part of the second punch.
Accordingly, even if burrs are about to be formed on the
surface of the material on the first punch side, there is
almost no gap where burrs grow between the second
punch and the tooth profile groove of the tooth profile die
and thus it is possible to prevent burrs from being formed.
[0007] In the above-described method for forging a
gear, it is preferred that an excess thickness of the ma-
terial formed when the material passes through the tooth
profile groove of the tooth profile die be shed from the
material at a tooth base of the second punch when the
second punch passes through the tooth profile groove of
the tooth profile die, and be housed in a housing part that
is formed in an outer peripheral surface of the second
punch so as to be recessed with respect to a tooth bottom
circle of the gear.
[0008] This configuration makes it possible to prevent
the excess thickness of the material from adhering to the
outer peripheral part of the second punch.
[0009] In the above-described method for forging a
gear, it is preferred that an excess thickness of the ma-
terial formed when the material passes through the tooth
profile groove of the tooth profile die be continuously
formed on a surface of the second punch on the material
side in a circumferential direction of the second punch
when the second punch passes through the tooth profile
groove of the tooth profile die, and be housed in a con-
cave housing part having an inside diameter size smaller
than a diameter of the tooth bottom circle of the gear and
an outside diameter size larger than the diameter of the
tooth bottom circle of the gear.
[0010] This configuration makes it possible to prevent
the excess thickness of the material from adhering to the
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outer peripheral part of the second punch.
[0011] Another exemplary aspect is an apparatus for
forging a gear that pushes a first material into a through
hole of a tooth profile die from one side of the tooth profile
die by a first punch and then discharges a gear having
external teeth formed thereon from the other side of the
tooth profile die by the first punch, the apparatus for forg-
ing a gear including:

a second punch configured to be stacked with the
first material; and
a guide die configured to be disposed on one side
of the tooth profile die and inserted with the first ma-
terial and the second punch in this order, in which
the guide die includes a through hole having an in-
side diameter size smaller than an outside diameter
size of one end of the through hole of the tooth profile
die,
a tooth profile groove is formed on an inner peripheral
surface of the guide die, and the tooth profile groove
and a tooth profile groove that is formed on the tooth
profile die are continuously connected with each oth-
er while the guide die is disposed on the one side of
the tooth profile die,
the first punch pushes the first material and the sec-
ond punch into the tooth profile groove of the tooth
profile die in a stacked state so that they pass there-
through, and
the second punch includes a tooth pressing part con-
figured to press at least an edge of a region where
external teeth are formed on a surface of the first
material on the first punch side, and the tooth press-
ing part is inserted into the tooth profile groove of the
guide die and the tooth profile groove of the tooth
profile die.

[0012] This configuration makes it possible to press
down, when external teeth are formed on the material,
at least the edge of the region where the external teeth
are formed on a surface of the material on the first punch
side by the tooth pressing part of the second punch. Ac-
cordingly, even if burrs are about to be formed on the
surface of the material on the first punch side, there is
almost no gap where burrs grow between the second
punch and the tooth profile groove of the tooth profile die
and thus it is possible to prevent burrs from being formed.
[0013] In the above-described apparatus for forging a
gear, it is preferred that the second punch include:

a first plate member having the same cross-sectional
shape as that of the gear;
a second plate member having the same cross-sec-
tional shape as that of the gear and configured to be
disposed at an interval from the first plate member
in a thickness direction of the second punch; and
a tubular member capable of passing through the
through hole of the tooth profile die and configured
to be disposed between the first plate member and

the second plate member, and
the tubular member be recessed with respect to the
tooth bottom circle of the gear and include a housing
part that houses an excess thickness that is shed
from the first material.

[0014] This makes it possible to prevent the excess
thickness of the material from adhering to the outer pe-
ripheral part of the second punch.
[0015] In the above-described apparatus for forging a
gear, it is preferred that a transfer part configured to trans-
fer a predetermined product shape to an end surface of
the first material be formed on a surface of the second
punch on the first material side.
[0016] This configuration makes it possible to reduce
the number of steps for the post-processing performed
after a gear has been formed, thereby improving produc-
tivity of the gear.
[0017] It is preferred that the above-described appa-
ratus for forging a gear be a continuous forging apparatus
in which the first material, the second punch, and a sec-
ond material are inserted into the through hole of the
guide die in this order, and a transfer part configured to
transfer a predetermined product shape to an end sur-
face of the second material be formed on a surface of
the second punch on the second material side.
[0018] This configuration makes it possible to reduce
the number of steps of the post-processing performed
after a gear has been formed, thereby improving produc-
tivity of the gear.
[0019] In the above-described apparatus for forging a
gear, it is preferred that the second punch include a con-
cave housing part that is continuously formed on a sur-
face of the second punch opposed to the first material in
the circumferential direction of the second punch and
houses an excess thickness of the first material, and the
housing part have an inside diameter size smaller than
the diameter of the tooth bottom circle of the gear and
have an outside diameter size larger than the diameter
of the tooth bottom circle of the gear.
[0020] This configuration makes it possible to prevent
the excess thickness of the material from adhering to the
outer peripheral part of the second punch.
[0021] The present disclosure can provide a method
and an apparatus for forging a gear capable of preventing
burrs from being formed at an edge of the surface oppo-
site to a direction in which a material in external teeth of
the material is pushed.
[0022] The above and other objects, features and ad-
vantages of the present disclosure will become more fully
understood from the detailed description given herein-
below and the accompanying drawings which are given
by way of illustration only, and thus are not to be consid-
ered as limiting the present disclosure.

BRIEF DESCRIPTION OF DRAWINGS

[0023]
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Fig. 1 is a partial cross-sectional view schematically
showing a basic configuration of an apparatus for
forging a gear according to a first embodiment;
Fig. 2 is a partial cross-sectional view schematically
showing a part of the apparatus for forging a gear
according to the first embodiment;
Fig. 3 is an enlarged diagram of a part III of Fig. 2;
Fig. 4 is a perspective view schematically showing
a guide die of the apparatus for forging a gear ac-
cording to the first embodiment;
Fig. 5 is a perspective view schematically showing
a second punch;
Fig. 6 is a cross-sectional view schematically show-
ing a state in which the second punch is stacked with
a material in a through hole of the guide die and a
through hole of the tooth profile die;
Fig. 7 is a perspective view schematically showing
a state in which the second punch is stacked with
the material;
Fig. 8 is a partial perspective view of a part VIII of
Fig. 7;
Fig. 9 is a partial perspective view schematically
showing a state in which the second punch is stacked
with the material;
Fig. 10 is an exploded view schematically showing
the second punch;
Fig. 11 is a photograph showing a helical gear formed
without using the second punch;
Fig. 12 is a photograph showing a helical gear formed
using the second punch according to the second em-
bodiment;
Fig. 13 is a perspective view schematically showing
the second punch according to a third embodiment;
Fig. 14 is a different perspective view schematically
showing the second punch according to the third em-
bodiment;
Fig. 15 is a cross-sectional view schematically show-
ing a state in which the second punch according to
the third embodiment is stacked with the material;
Fig. 16 is a perspective view schematically showing
the second punch according to a fourth embodiment;
and
Fig. 17 is a different perspective view schematically
showing the second punch according to the fourth
embodiment.

DESCRIPTION OF EMBODIMENTS

[0024] Specific embodiments to which the present dis-
closure is applied will be described hereinafter in detail
with reference to the drawings. However, the present dis-
closure is not limited to the embodiments shown below.
Further, for the clarification of the explanation, the follow-
ing descriptions and the drawings are simplified as ap-
propriate.

<First Embodiment>

[0025] First, a basic configuration of an apparatus for
forging a gear according to this embodiment is described.
Fig. 1 is a partial cross-sectional view schematically
showing the basic configuration of the apparatus for forg-
ing a gear according to this embodiment. Fig. 2 is a partial
cross-sectional view schematically showing a part of the
apparatus for forging a gear according to this embodi-
ment. Fig. 3 is an enlarged diagram of a part III of Fig. 2.
Fig. 4 is a perspective view schematically showing a
guide die of the apparatus for forging a gear according
to this embodiment. Note that hereinafter, three-dimen-
sional (XYZ) coordinate systems are used for the clarifi-
cation of the explanation.
[0026] An apparatus 1 for forging a gear according to
this embodiment is configured so as to continuously forge
a helical gear G as shown in Fig. 1. The apparatus 1 for
forging includes a pressure plate 11, a tooth profile die
12, a guide die 13, a first punch 14, a mandrel 15, and a
discharge member 16.
[0027] The pressure plate 11 includes a through hole
through which the helical gear G having external teeth
formed thereon can pass. The tooth profile die 12 actually
forms external teeth having a predetermined shape (i.e.,
a product shape) in an outer peripheral surface of a cy-
lindrical material M.
[0028] The tooth profile die 12 includes a through hole
in which the material M is inserted as shown in Figs. 1
and 2, and is disposed on the Z-axis positive side of the
pressure plate 11 so that the through hole of the pressure
plate 11 and the through hole of the tooth profile die 12
are continuously connected with each other in the Z-axis
direction. Further, a spiral tooth profile groove 12a is
formed on an inner peripheral surface of the through hole
of the tooth profile die 12 so that the external teeth having
a predetermined shape is transferred on an outer periph-
eral surface of the material M.
[0029] In this case, as shown in Fig. 3, a part of the Z-
axis positive side of the through hole of the tooth profile
die 12 is a forming space A1 of the external teeth, and
an inside-diameter part (a small-diameter part) of the
forming space A1 is formed in a tapered shape in which
the inside-diameter part becomes narrower toward the
inside of the tooth profile die 12 in a radial direction thereof
as a location of the inside-diameter part gets closer to
the Z-axis negative side.
[0030] Then, the external teeth having a predeter-
mined shape is actually formed on the outer peripheral
surface of the material M which has passed through the
forming space A1 of the tooth profile die 12. Note that in
Fig. 3, for the clarification of the shape of the tooth profile
groove 12a of the tooth profile die 12 and the shape of a
tooth profile groove 13a of the guide die 13 which is de-
scribed later, the first punch 14 and the mandrel 15 are
omitted.
[0031] The guide die 13 preforms a tooth tip of the ex-
ternal teeth having a predetermined shape on the outer
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peripheral surface of the material M. The guide die 13
includes a through hole in which the material M is inserted
as shown in Figs. 1 and 2, and is disposed on the Z-axis
positive side of the tooth profile die 12 so that the through
hole of the tooth profile die 12 and the through hole of
the guide die 13 are continuously connected with each
other in the Z-axis direction.
[0032] As shown in Fig. 4, the spiral tooth profile groove
13a is formed on an inner peripheral surface of the
through hole of the guide die 13 so that the tooth tip of
the external teeth having a predetermined shape is trans-
ferred on the outer peripheral surface of the material M,
and the tooth profile groove 12a of the tooth profile die
12 and the tooth profile groove 13a of the guide die 13
are continuously connected with each other.
[0033] Note that as shown in Fig. 3, an inside diameter
size (a small diameter size) D1 of the through hole of the
guide die 13 is smaller than an outside diameter size (a
large diameter) D2 on the Z-axis positive side of the form-
ing space A1 of the tooth profile die 12 and an outside
diameter size (a large diameter size) D3 of the through
hole of the guide die 13 is substantially equal to the out-
side diameter size D2 on the Z-axis positive side of the
forming space A1 of the tooth profile die 12, and the de-
tailed functions thereof are described later.
[0034] A die case 17 holds the above-described pres-
sure plate 11, tooth profile die 12, and guide die 13. The
first punch 14 can be driven in the Z-axis direction and
pushes the material M in the Z-axis negative direction.
[0035] Specifically, the first punch 14 basically has a
cylindrical shape having an inside diameter size larger
than an outside diameter size of the mandrel 15 which
is described later, and as shown in Fig. 2, a screw part
14a that is meshed with the tooth profile groove 13a of
the guide die 13 is formed on an outer peripheral surface
of the first punch 14. Then, the first punch 14 is driven in
the Z-axis direction by being rotated while the tooth profile
groove 13a of the guide die 13 and the screw part 14a
of the first punch 14 are meshed with each other.
[0036] Note that for the clarification of an operation of
the first punch 14, Figs. 1 and 2 show two states of the
first punch 14 by dividing it into two at the central axis
thereof. That is, in Figs. 1 and 2, a state is shown on the
Y-axis negative side with respect to the central axis in
which the first punch 14 is removed from the through hole
of the guide die 13, and a state is shown on the Y-axis
positive side with respect to the central axis in which the
first punch 14 is inserted into the through hole of the guide
die 13. However, the first punch 14 is not divided in this
manner and instead it is integrally driven in the Z-axis
direction.
[0037] The mandrel 15 is a columnar member having
an outside diameter size substantially equal to an inside
diameter size of the helical gear G, and as shown in Fig.
1, it projects from an end of the pressure plate 11 on the
Z-axis side thereof while being passed through the
through hole of the pressure plate 11, the through hole
of the tooth profile die 12, and the through hole of the

guide die 13. The above-described mandrel 15 guides
movement of the material M in the Z-axis direction while
the material M is fitted thereto. At this time, the central
axis of the through hole of the tooth profile die 12, the
central axis of the through hole of the guide die 13, and
the central axis of the mandrel 15 substantially overlap
one another.
[0038] The discharge member 16 is disposed on the
Z-axis negative side with respect to the mandrel 15. The
discharge member 16 can be driven in the Y-axis direc-
tion, and is disposed, when the first punch 14 pushes the
material M, on the Y-axis positive side to support the
mandrel 15 from the Z-axis negative side.
[0039] Meanwhile, the discharge member 16 is dis-
posed, when the helical gear G is discharged, on the Y-
axis negative side, and a discharge part 16a formed on
that discharge member 16 is disposed on the Z-axis neg-
ative side of the mandrel 15. Then, the helical gear G
discharged from the through hole of the pressure plate
11 passes through the discharge part 16a, slides down
an inclined plate 16b provided in the discharge member
16, and is discharged from a discharge port 18 of the
apparatus 1 for forging to the outside.
[0040] When the above-described apparatus 1 for
forging is used to form the helical gear G, the first punch
14 pushes the material M to the Z-axis negative side, like
the common apparatus for forging does. This may cause
burrs to be formed at the edge of the surface of the Z-
axis positive side of the external teeth formed on the ma-
terial M.
[0041] In order to address the above problem, the ap-
paratus 1 for forging according to this embodiment in-
cludes a second punch 20. Fig. 5 is a perspective view
schematically showing the second punch. Fig. 6 is a
cross-sectional view schematically showing a state in
which the second punch is stacked with the material in
the through hole of the guide die and the through hole of
the tooth profile die.
[0042] As shown in Fig. 5, the second punch 20 in-
cludes a tooth pressing part 20a that covers, when the
material M passes through the tooth profile groove 12a
of the tooth profile die 12, at least the edge of a region
where external teeth are formed on a surface of the Z-
axis positive side of the material M.
[0043] For example, the second punch 20 is a gear-
like plate member having substantially the same cross-
sectional shape as that of the helical gear G and that is
orthogonal to the axial direction of the helical gear G, and
a tooth part of the second punch 20 serves as the tooth
pressing part 20a, which is described later.
[0044] The above-described second punch 20 is in-
serted into the through hole of the guide die 13 so that it
covers the material M from the Z-axis positive side as
shown in Fig. 6. Specifically, the tooth pressing part 20a
of the second punch 20 can be inserted into (meshed
with) the tooth profile groove 13a of the guide die 13 and
the tooth profile groove 12a of the tooth profile die 12.
[0045] Thus, when the second punch 20 rotates while
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the tooth pressing part 20a thereof is meshed with the
tooth profile groove 13a of the guide die 13 or the tooth
profile groove 12a of the tooth profile die 12, the second
punch 20 moves along the tooth profile groove 13a of
the guide die 13 and the tooth profile groove 12a of the
tooth profile die 12.
[0046] Note that the tooth profile groove 13a of the
guide die 13 and the tooth profile groove 12a of the tooth
profile die 12 are substantially continuously connected
with each other. Accordingly, when the second punch 20
is moved to the Z-axis negative side while being rotated,
it covers the surface of the Z-axis positive side of the
material M, while the phase of the external teeth formed
on the material M and the phase of the tooth pressing
part 20a of the second punch 20 substantially coincide
with each other.
[0047] Next, a procedure of the method for forging a
gear according to this embodiment is described. Fig. 7
is a perspective view schematically showing a state in
which the second punch is stacked with the material. Fig.
8 is a partial perspective view of a part VIII of Fig. 7.
[0048] First, the mandrel 15 is passed through a
through hole of the material M1 while a material (a first
material) M1 is inserted into the through hole of the guide
die 13 by moving the first punch 14 to the Z-axis negative
side. Specifically, by passing the mandrel 15 through the
through hole of the first punch 14 while the first punch 14
pushes the material M1 by being rotated and moved to
the Z-axis negative side, the mandrel 15 is passed
through the through hole of the material M1 while the
material M1 is being pushed into the guide die 13.
[0049] Accordingly, the material M1 moves to the Z-
axis negative side while being rotated along the tooth
profile groove 13a of the guide die 13, thereby preforming
a tooth tip of external teeth having a predetermined shape
on an outer peripheral surface of the material M1.
[0050] Further, by moving the first punch 14 to the Z-
axis negative side while it is being rotated, the material
M1 is pushed to the Z-axis negative side and inserted
into the through hole of the tooth profile die 12, and as
shown in Fig. 6, the surface of the Z-axis positive side of
the material M1 is disposed at a height substantially equal
to that of the surface of the Z-axis positive side of the
tooth profile die 12. By doing so, a part of the material
M1 is passed through the forming space A1 of the tooth
profile die 12, thereby forming external teeth having a
predetermined shape on a part of the outer peripheral
surface of the material M1.
[0051] Meanwhile, the remainder of the material M1 is
still disposed in the forming space A1 of the tooth profile
die 12. In this state, the first punch 14 is temporarily
moved to the Z-axis positive side while being rotated and
is removed from the through hole of the guide die 13.
[0052] Next, as shown in Fig. 6, the second punch 20
and a new material (a second material) M2 are inserted
into the through hole of the guide die 13 in this order.
Note that the tooth profile groove 12a of the tooth profile
die 12 and the tooth profile groove 13a of the guide die

13 are substantially, continuously connected with each
other, the inside diameter size D1 of the through hole of
the guide die 13 is smaller than the outside diameter size
D2 on the Z-axis positive side of the forming space A1
of the tooth profile die 12, and the outside diameter size
D3 of the through hole of the guide die 13 is substantially
equal to the outside diameter size D2 on the Z-axis pos-
itive side of the forming space A1 of the tooth profile die
12.
[0053] This configuration makes it possible to mesh
the tooth pressing part 20a of the second punch 20 with
the tooth profile groove 13a of the guide die 13 when the
second punch 20 is inserted into the through hole of the
guide die 13. Then, while the tooth pressing part 20a of
the second punch 20 and the tooth profile groove 13a of
the guide die 13 are meshed with each other, the first
punch 14 pushes the second punch 20 and the new ma-
terial M2 to the Z-axis negative side.
[0054] Accordingly, the second punch 20 is moved to
the Z-axis negative side while being rotated along the
tooth profile groove 13a of the guide die 13 and the new
material M2 is moved to the Z-axis negative side while
being rotated along the tooth profile groove 13a of the
guide die 13, thereby preforming a tooth tip of external
teeth having a predetermined shape on an outer periph-
eral surface of the new material M2.
[0055] At this time, as shown in Figs. 7 and 8, the ma-
terial M1, the second punch 20, and the new material M2
are stacked upon one another toward the Z-axis positive
side in this order, the surface of the Z-axis positive side
of the material M1 substantially comes into contact with
the surface of the Z-axis negative side of the second
punch 20, and the surface of the Z-axis negative side of
the new material M2 substantially comes into contact with
the surface of the Z-axis positive side of the second punch
20. Note that the new material M2 is simplified in Figs. 7
and 8 in order to simplify the positional relation between
the material M1 and the second punch 20. Further, the
new material M2 is made invisible in Fig. 8.
[0056] Then, it is possible to move the second punch
20 along the tooth profile groove 13a of the guide die 13,
whereby the tooth tip of the external teeth on the outer
peripheral surface of the material M1 and the tooth press-
ing part 20a of the second punch 20 can be disposed at
respective phases substantially equal to each other. Ac-
cordingly, the tooth pressing part 20a of the second
punch 20 can reliably cover the region where external
teeth are formed on the Z-axis positive side of the material
M1.
[0057] Next, by moving the first punch 14 to the Z-axis
negative side while being rotated, the material M1, the
second punch 20 and the new material M2 are pushed
to the Z-axis negative side in a stacked state. By doing
so, while the material M1 is rotated along the tooth profile
groove 12a of the tooth profile die 12, the remainder of
that material M1 passes through the forming space A1.
[0058] At the same time, the tooth pressing part 20a
of the second punch 20 is inserted into the tooth profile
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groove 12a of the tooth profile die 12, and then the second
punch 20 passes through the forming space A1 of that
tooth profile die 12 while being rotated along the tooth
profile groove 12a of the tooth profile die 12.
[0059] Note that the second punch 20 is rotated along
the tooth profile groove 12a of the tooth profile die 12
together with the material M1, and thus it is possible to
maintain the state in which the tooth pressing part 20a
of the second punch 20 covers the region where external
teeth are formed on the surface of the Z-axis positive
side of the material M1. That is, when the remainder of
the material M1 passes through the forming space A1 of
the tooth profile die 12, the second punch 20 can press
down the region where external teeth are formed on the
surface of the Z-axis positive side of the material M1 from
the Z-axis positive side.
[0060] Accordingly, even if the excess thickness of the
material M1 is about to project from the edge of the sur-
face of the Z-axis positive side of the external teeth
formed on that material M1, the second punch 20 pushes
that excess thickness to the Z-axis negative side. In this
way, it is possible to prevent burrs from being formed on
the surface of the Z-axis positive side of the external teeth
formed on the material M1.
[0061] After that, by moving the first punch 14 to the
Z-axis negative side while being rotated, the material M1,
the second punch 20, and the new material M2 are
pushed to the Z-axis negative side in a stacked state,
and the surface of the Z-axis positive side of the new
material M2 and the surface of the Z-axis positive side
of the tooth profile die 12 are disposed at a height sub-
stantially equal to each other.
[0062] Then, in the same manner as that in the case
of the above-described procedure, the helical gear G is
continuously formed by repeating the process of remov-
ing the first punch 14 from the through hole of the guide
die 13, inserting a new second punch and a new material
into the through hole of the guide die 13 in this order and
pushing them by the first punch 14.
[0063] As described above, the method and the appa-
ratus 1 for forging a gear according to this embodiment
can prevent burrs from being formed on the surface of
the Z-axis positive side of the external teeth formed on
the material M. That is, when external teeth are formed
on the material M, at least the edge of the region where
external teeth are formed on the surface of the Z-axis
positive side of the material M1 is pressed down by the
tooth pressing part 20a of the second punch 20. Accord-
ingly, even if burrs are about to be formed on the surface
of the Z-axis positive side of the external teeth formed
on the material M, there is almost no gap where burrs
grow between the second punch 20 and the tooth profile
groove 12a of the tooth profile die 12 and thus it is pos-
sible to prevent burrs from being formed.
[0064] Moreover, the method and the apparatus 1 for
forging a gear according to this embodiment use the
guide die 13 to form a tooth tip of external teeth on the
material M, and thus can sufficiently fill the tooth tip of

the external teeth with the material M. Accordingly, it is
possible to improve accuracy of the shape of the helical
gear G.
[0065] Further, the method and the apparatus 1 for
forging a gear according to this embodiment move the
second punch 20 to the Z-axis negative side while rotat-
ing the second punch 20 along the tooth profile groove
13a of the guide die 13, and thus can make the phase of
the tooth pressing part 20a of the second punch 20 sub-
stantially coincide with the phase of the tooth tip of the
external teeth formed on the material M.
[0066] Note that the relation of the following <Expres-
sion 1> preferably holds among the inside diameter size
D1 of the through hole of the guide die 13, the outside
diameter size D2 on the Z-axis positive side of the forming
space A1 of the tooth profile die 12, and an outside di-
ameter size D4 of the material M. 

[0067] Due to the above relation, the material M, which
has the outside diameter size D4 smaller than the outside
diameter size D2 on the Z-axis positive side of the forming
space A1 of the tooth profile die 12 and has not yet been
pushed into the thorough hole of the tooth profile die 12,
is constrained by the thorough hole of the guide die 13
having the inside diameter size D1 smaller than the out-
side diameter size D2 on the Z-axis positive side of the
forming space A1 of the tooth profile die 12, in a state in
which the outside diameter size of the material M is small-
er than the outside diameter size D2.
[0068] Accordingly, the material M is not expanded to
the outside diameter size D2 on the Z-axis positive side
of the forming space A1 of the tooth profile die 12 (i.e.,
the material M is not upset) and is pushed into the through
hole of the tooth profile die 12. This reduces a molding
load at the time of forging. As a result, the life of the teeth
profile die 12 can be extended.
[0069] Note that not only the upper limit of the inside
diameter size D1 of the through hole of the guide die 13
and the upper limit of the outside diameter size D4 of the
material M are defined, but also the respective lower lim-
its thereof may be defined using a pitch circle diameter
D5 of the helical gear G so that the relation of the following
<Expression 2> holds. 

<Second Embodiment>

[0070] When the second punch 20 according to the
first embodiment is used to form a helical gear G, the
excess thickness of the material M formed when the ma-
terial M passes through the forming space A1 of the tooth
profile die 12 may flow into a gap between the second
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punch 20 and the tooth profile groove 12a of the tooth
profile die 12 and adhere to the outer peripheral part of
the second punch 20.
[0071] In order to address the above problem, a sec-
ond punch according to this embodiment is configured
so that it can house the excess thickness broken from
the material M when the material M passes through the
tooth profile groove 12a of the tooth profile die 12. Fig. 9
is a partial perspective view schematically showing a
state in which the second punch is stacked with the ma-
terial. Fig. 10 is an exploded view schematically showing
the second punch. Note that a part of the material M is
simplified and made invisible in Fig. 9.
[0072] As shown in Fig. 9, a second punch 21 accord-
ing to this embodiment covers, when the material M pass-
es through the forming space A1 of the tooth profile die
12, at least an edge of a region where external teeth are
formed on the surface of the Z-axis positive side of the
material M. Specifically, as shown in Fig. 10, the second
punch 21 includes a first plate member 22, a second plate
member 23, and a tubular member 24.
[0073] The first plate member 22 is a gear-like plate
member having substantially the same cross-sectional
shape as that of the helical gear G and that is orthogonal
to the axial direction of the helical gear G. The second
plate member 23 is also a gear-like plate member having
substantially the same cross-sectional shape as that of
the helical gear G and that is orthogonal to the axial di-
rection of the helical gear G. The above first and second
plate members 22 and 23 are disposed at intervals in the
Z-axis direction (i.e., the thickness direction of the second
punch 21).
[0074] Note that the first plate member 22 and the sec-
ond plate member 23 are disposed in a state in which a
phase of a tooth part 22a of the first plate member 22
and a phase of a tooth part 23a of the second plate mem-
ber 23 are shifted from each other so that the tooth part
22a of the first plate member 22 and the tooth part 23a
of the second plate member 23 can be meshed with the
tooth profile groove 12a of the tooth profile die 12 and
the tooth profile groove 13a of the guide die 13.
[0075] The tubular member 24 has a shape allowing it
pass through the tooth profile groove 12a of the tooth
profile die 12, and is disposed between the first plate
member 22 and the second plate member 23. Then, as
shown in Fig. 9, the tubular member 24 includes a hous-
ing part 24a that is recessed with respect to a tooth bottom
circle of the helical gear G and houses the excess thick-
ness (bur) broken from the material M.
[0076] For example, the tubular member 24 is com-
posed of a tubular member having an outside diameter
size smaller than a diameter of the tooth bottom circle of
the helical gear G, and a part at an inner side in a radial
direction of the tubular member 24 with respect to the
diameter of the tooth bottom circle of the helical gear G
serves as the housing part 24a.
[0077] The above-described second punch 21 is dis-
posed so as to be stacked with the material M as shown

in Fig. 9. At this time, the tooth part 22a of the first plate
member 22 substantially comes into contact with the sur-
face of the region where external teeth are formed on the
Z-axis positive side of the material M disposed on the Z-
axis negative side with respect to the second punch 21.
Then, the tooth part 23a of the second plate member 23
substantially comes into contact with the surface of a
region where external teeth are formed on the Z-axis neg-
ative side of the material M disposed on the Z-axis pos-
itive side with respect to the second punch 21.
[0078] Then, the first punch 14 pushes the material M
and the second punch 21 to pass them through the tooth
profile groove 12a of the tooth profile die 12, whereby
the excess thickness (i.e., the material of a delta part MD
protruding in the radial direction of the material M from
the forming space A1 of the tooth profile die 12 in the
material M) of the material M flows to the Z-axis positive
side when the material M passes through the forming
space A1 of the tooth profile die 12.
[0079] At this time, when the excess thickness of the
material M is about to enter a gap between the first plate
22 of the second punch 21 and the tooth profile groove
12a of the tooth profile die 12, the excess thickness is
shed and broken from the material M at a tooth base of
that first plate 22, then housed in the housing part 24a
of the tubular member 24.
[0080] As described above, by using the second punch
21 according to this embodiment to form the external
teeth on the material M, it is possible to break the excess
thickness of the material M therefrom and house it in the
housing part 24a of the tubular member 24. By doing so,
it is possible to prevent the excess thickness of the ma-
terial M from adhering to an outer peripheral part of the
second punch 21 compared to the case where the second
punch 20 according to the first embodiment is used to
form the external teeth on the material M.
[0081] Fig. 11 is a photograph showing the helical gear
formed without using the second punch. Fig. 12 is a pho-
tograph showing the helical gear formed using the sec-
ond punch according to this embodiment. The helical
gear g formed without using the second punch 21 has
an excess thickness B formed on the end surface thereof
as shown in Fig. 11, while the helical gear G formed using
the second punch 21 has almost no excess thickness B
formed on the end surface thereof as shown in Fig. 12.
[0082] Note that the tubular member 24 does not cou-
ple the first plate member 22 to the second plate member
23, but may couple the first plate member 22 to the sec-
ond plate member 23.
[0083] Further, the tubular member 24 according to this
embodiment is composed of a tubular member having
the outside diameter size smaller than the diameter of
the tooth bottom circle of the helical gear G, but not limited
to this. The tubular member 24 may have a shape allow-
ing it to pass through the tooth profile groove 12a of the
tooth profile die 12, and the housing part 24a may be
formed on at least a part of the tubular member 24 so
that the housing part 24a is recessed with respect to the
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tooth bottom circle of the helical gear G.

<Third Embodiment>

[0084] A second punch according to this embodiment
includes a housing part that houses, when the material
M passes through the tooth profile groove 12a of the tooth
profile die 12, an excess thickness of that material M.
Fig. 13 is a perspective view schematically showing the
second punch according to this embodiment. Fig. 14 is
a different perspective view schematically showing the
second punch according to this embodiment. Fig. 15 is
a cross-sectional view schematically showing a state in
which the second punch according to this embodiment
is stacked with the material. Note that the material which
is disposed on the Z-axis positive side with respect to the
second punch is simplified in Fig. 15.
[0085] As shown in Figs. 13 and 14, a second punch
31 according to this embodiment has substantially the
same shape as that of the second punch 20 according
to the first embodiment but includes a housing part 31a
that houses an excess thickness of the material M on the
surface of the Z-axis negative side thereof.
[0086] Specifically, as shown in Fig. 14, the housing
part 31a has an annular ring shape continuously formed
in the circumferential direction of the second punch 31,
and is concavely formed on the Z-axis positive side. Fur-
ther, an inside diameter size (a small diameter size) D6
of the housing part 31a is smaller than a diameter D7 of
a tooth bottom circle of a helical gear G while an outside
diameter size (a large diameter size) D8 of the housing
part 31a is larger than the diameter D7 of the tooth bottom
circle of the helical gear G.
[0087] Note that a shape of the second punch 31 at an
outer side in the radial direction with respect to the hous-
ing part 31a on the surface of the Z-axis negative side of
the second punch 31 may be any shape which can cover
at least the edge of the region where external teeth are
formed on a surface of the Z-axis positive side of the
material M. As shown in Fig. 14, in this embodiment, a
tooth pressing part 31c is formed along the edge of a
tooth part 31b of the second punch 31, and the tooth
pressing part 31c has a hollow part inside, the hollow
part and the housing part 31a being continuously con-
nected with each other. This configuration makes it pos-
sible to increase a housing volumetric capacity of the
excess thickness of the material M.
[0088] The above-described second punch 31 is dis-
posed so as to be stacked with the material M as shown
in Fig. 15. At this time, the tooth pressing part 31c of the
second punch 31 comes into contact with the edge of the
region where external teeth are formed on the surface of
the Z-axis positive side of the material M disposed on the
Z-axis negative side with respect to the second punch 31.
[0089] Then, the first punch 14 pushes the material M
and the second punch 21 to pass them through the tooth
profile groove 12a of the tooth profile die 12, whereby
the excess thickness of the material M flows to the Z-axis

positive side when the material M passes through the
forming space A1 of the tooth profile die 12.
[0090] At this time, the housing part 31a is formed so
as that the inside diameter size (the small diameter) D6
is smaller than the diameter D7 of the tooth bottom circle
of the helical gear G and the outside diameter size (the
large diameter) D8 is larger than the diameter D7 of the
tooth bottom circle of the helical gear G, and thus the
excess thickness of the material M flows, while entering
the housing part 31a, inside the housing part 31a in the
circumferential direction of the material M and is housed
in the housing part 31a.
[0091] As described above, by using the second punch
31 according to this embodiment to form the external
teeth on the material M, it is possible to house the excess
thickness of the material M in the housing part 31a of the
second punch 31. By doing so, it is possible to prevent
the excess thickness of the material M from adhering to
an outer peripheral part of the second punch 31 com-
pared to the case where the second punch 20 according
to the first embodiment is used to form the external teeth
on the material M.

<Fourth Embodiment>

[0092] A second punch according to this embodiment
includes a transfer part that transfers a predetermined
product shape to an end surface of the material M. Fig.
16 is a perspective view schematically showing the sec-
ond punch according to this embodiment. Fig. 17 is a
different perspective view schematically showing the
second punch according to this embodiment. Note that
the configuration of the second punch according to this
embodiment is substantially the same as that of the sec-
ond punch 21 according to the second embodiment, and
thus duplicated explanations are omitted and the same
members are explained using the same reference sym-
bols.
[0093] When the second punch 21 according to the
second embodiment is disposed between the materials
M to form external teeth on the materials M, as described
above, the tooth part 22a of the first plate member 22
substantially comes into contact with the surface of the
region where the external teeth are formed on a surface
of the Z-axis positive side of the material M disposed on
the Z-axis negative side with respect to the second punch
21, and the tooth part 23a of the second plate member
23 substantially comes into contact with the surface of
the region where external teeth are formed on a surface
of the Z-axis negative side of the material M disposed on
the Z-axis positive side with respect to the second punch
21.
[0094] In order to address the above problem, as
shown in Fig. 16, a second punch 41 according to this
embodiment includes, on the surface of the Z-axis neg-
ative side of the first plate member 22, a first transfer part
41a that transfers a predetermined product shape to a
surface of the Z-axis positive side of the material M dis-
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posed on the Z-axis negative side with respect to the
second punch 41.
[0095] Further, as shown in Fig. 17, the second punch
41 includes, on the Z-axis positive side of the second
plate member 23, a second transfer part 41b that trans-
fers a predetermined product shape to a surface of the
Z-axis negative side of the material M disposed on the
Z-axis positive side with respect to the second punch 41.
[0096] By disposing the above-described second
punch 41 between the materials M and pushing the sec-
ond punch 41 and the materials M, it is possible to easily
transfer a predetermined product shape to a surface of
the Z-axis negative side and a surface of the Z-axis pos-
itive side of the materials M. Accordingly, the number of
steps of the post-processing performed after the helical
gear G has been formed can be reduced. As a result,
productivity of the helical gear G can be improved.
[0097] Note that the configuration of the second punch
41 according to this embodiment is substantially the
same as that of the second punch 21 according to the
second embodiment, but may be substantially the same
as that of the second punch 20 according to the first em-
bodiment. In this case, the transfer part may be formed
on the surface of the Z-axis positive side and the surface
of the Z-axis negative side of the second punch 20.
[0098] The present disclosure is not limited to the
above-described embodiments, and can be appropriate-
ly changed without departing from the spirit of the disclo-
sure. For example, in the above-described embodi-
ments, the helical gear G is formed, but a spur gear can
be substantially, similarly formed. For example, in the
above-described embodiments, the helical gear G is con-
tinuously forged, but one gear may be forged at a time.
[0099] From the disclosure thus described, it will be
obvious that the embodiments of the disclosure may be
varied in many ways. Such variations are not to be re-
garded as a departure from the spirit and scope of the
disclosure, and all such modifications as would be obvi-
ous to one skilled in the art are intended for inclusion
within the scope of the following claims.

Claims

1. A method for forging a gear (G) comprising pushing
a material (M) into a through hole of a tooth profile
die (12) from one side of the tooth profile die (12) by
a first punch (14) and then discharging a gear (G)
having external teeth formed thereon from the other
side of the tooth profile die (12) by the first punch
(14), the method comprising:

disposing, on one side of the tooth profile die
(12), a guide die (13) that includes a through
hole having an inside diameter size (D1) smaller
than an outside diameter size (D2) of one end
of the through hole of the tooth profile die (12)
so that a tooth profile groove (13a) formed on

an inner peripheral surface of the guide die (13)
and a tooth profile groove (12a) formed on an
inner peripheral surface of the tooth profile die
(12) are continuously connected with each oth-
er;
pushing the material (M) into the through hole
of the guide die (13);
pushing a second punch (20,21,31) into the
through hole of the guide die (13) subsequently
to the material (M), inserting a tooth pressing
part (20a,31c) formed on an outer peripheral
part of the second punch (20,21,31) into the
tooth profile groove (13a) of the guide die (13)
to move the second punch (20,21,31) along the
tooth profile groove (13a) of the guide die (13),
and stacking the material (M) and the second
punch (20,21,31) in this order; and
pushing the material (M) and the second punch
(20,21,31) into the tooth profile groove (12a) of
the tooth profile die (12)in a stacked state to pass
them therethrough, wherein
the tooth pressing part (20a,31c) of the second
punch (20,21,31) covers, when the material (M)
passes through the tooth profile groove (12a) of
the tooth profile die (12), at least an edge of a
region where external teeth are formed on a sur-
face of the material (M) on the first punch (14)
side.

2. The method for forging a gear according to Claim 1,
wherein
an excess thickness of the material (M) formed when
the material (M) passes through the tooth profile
groove (12a) of the tooth profile die (12)is shed from
the material (M) at a tooth base of the second punch
(21) when the second punch (21) passes through
the tooth profile groove (12a) of the tooth profile die
(12), and is housed in a housing part (24a) that is
formed in an outer peripheral surface of the second
punch (21) so as to be recessed with respect to a
tooth bottom circle of the gear (G).

3. The method for forging a gear according to Claim 1,
wherein
an excess thickness of the material (M) formed when
the material (M) passes through the tooth profile
groove (12a) of the tooth profile die (12) is continu-
ously formed on a surface of the second punch (31)
on the material (M) side in a circumferential direction
of the second punch (31) when the second punch
(31) passes through the tooth profile groove (12a)
of the tooth profile die (12), and is housed in a con-
cave housing part (31a) having an inside diameter
size (D6) smaller than a diameter (D7) of the tooth
bottom circle of the gear (G) and an outside diameter
size (D8) larger than the diameter (D7) of the tooth
bottom circle of the gear (G).
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4. An apparatus (1) for forging a gear (G) that pushes
a first material (M1) into a through hole of a tooth
profile die (12) from one side of the tooth profile die
(12) by a first punch (14) and then discharges a gear
(G) having external teeth formed thereon from the
other side of the tooth profile die (12) by the first
punch (14), the apparatus (1) for forging a gear (G)
comprising:

a second punch (20,21,31) configured to be
stacked with the first material (M1); and
a guide die (13) configured to be disposed on
one side of the tooth profile die (12) and inserted
with the first material (M1) and the second punch
(20,21,31) in this order, wherein
the guide die (13) comprises a through hole hav-
ing an inside diameter size (D1) smaller than an
outside diameter size (D2) of one end of the
through hole of the tooth profile die (12),
a tooth profile groove (13a) is formed on an inner
peripheral surface of the guide die (13), and the
tooth profile groove (13a) and a tooth profile
groove (12a) that is formed on the tooth profile
die (12) are continuously connected with each
other while the guide die (13) is disposed on the
one side of the tooth profile die (12),
the first punch (14) pushes the first material (M1)
and the second punch (20,21,31) into the tooth
profile groove (12a) of the tooth profile die (12)
in a stacked state so that they pass there-
through, and
the second punch (20,21,31) includes a tooth
pressing part (20a,31c) configured to press at
least an edge of a region where external teeth
are formed on a surface of the first material (M1)
on the first punch (14) side, and the tooth press-
ing part (20a,31c) is inserted into the tooth profile
groove (13a) of the guide die (13) and the tooth
profile groove (12a) of the tooth profile die (12).

5. The apparatus (1) for forging a gear (G) according
to Claim 4, wherein the second punch (21) compris-
es:

a first plate member (22) having the same cross-
sectional shape as that of the gear (G);
a second plate member (23) having the same
cross-sectional shape as that of the gear (G)
and configured to be disposed at an interval from
the first plate member (22) in a thickness direc-
tion of the second punch (21); and
a tubular member (24) capable of passing
through the through hole of the tooth profile die
(12) and configured to be disposed between the
first plate member (22) and the second plate
member (23), and
the tubular member (24) is recessed with re-
spect to the tooth bottom circle of the gear (G)

and includes a housing part (24a) that houses
an excess thickness that is shed from the first
material (M1).

6. The apparatus for forging a gear according to Claim
4 or 5, wherein
a transfer part (41a) configured to transfer a prede-
termined product shape to an end surface of the first
material (M1) is formed on a surface of the second
punch (20,21) on the first material (M1) side.

7. The apparatus (1) for forging a gear (G) according
to any one of Claims 4 to 6, wherein
the apparatus (1) for forging a gear (G) is a contin-
uous forging apparatus in which the first material
(M1), the second punch (20,21,31), and a second
material (M2) are inserted into the through hole of
the guide die (13) in this order, and
a transfer part (41b) configured to transfer a prede-
termined product shape to an end surface of the sec-
ond material (M2) is formed on a surface of the sec-
ond punch (20,21,31) on the second material (M2)
side.

8. The apparatus (1) for forging a gear (G) according
to Claim 4, wherein
the second punch (31) comprises a concave housing
part (31a) that is continuously formed on a surface
of the second punch (31) opposed to the first material
(M1) in the circumferential direction of the second
punch (31) and houses an excess thickness of the
first material (M1), and
the housing part (31a) has an inside diameter size
(D6) smaller than the diameter (D7) of the tooth bot-
tom circle of the gear (G) and has an outside diam-
eter size (D8) larger than the diameter (D7) of the
tooth bottom circle of the gear (G).

19 20 



EP 3 650 137 A1

12



EP 3 650 137 A1

13



EP 3 650 137 A1

14



EP 3 650 137 A1

15



EP 3 650 137 A1

16



EP 3 650 137 A1

17



EP 3 650 137 A1

18



EP 3 650 137 A1

19



EP 3 650 137 A1

20



EP 3 650 137 A1

21



EP 3 650 137 A1

22



EP 3 650 137 A1

23



EP 3 650 137 A1

24



EP 3 650 137 A1

25



EP 3 650 137 A1

26



EP 3 650 137 A1

27

5

10

15

20

25

30

35

40

45

50

55



EP 3 650 137 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 3 650 137 A1

29

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2016097430 A [0002] [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

